ABSTRACT
INTRODUCTION
The development of tariff structure and planning studies, systems sizing, commercial actions, energy conservation programs, among others, by the electric energy companies in Brazil, are very dependent on the way consumers use the energy. For such development, the obtainment of the daily load curve for all the load points would be necessary, but it is technically impracticable in the majority of the situations, mainly because of the enormous number of consumers in great electrical systems. Therefore, to have the knowledge of the load curves from thousands of consumers possible, the sampling theory is used associated with data analysis techniques.
The sample is composed by a number of load points of the system, stratified by sub-transmission and distribution system transformations, tension levels, activity and the amount of energy consumed. As a huge amount of data is obtained, the use of suitable data analysis techniques becomes essential for the selection of characteristic curves that represent each customer, as well as for clustering these into typologies for each type of consumer and transformation. The results obtained make possible the electric energy composition analysis and the understanding of how the energy is consumed throughout the day. With the knowledge of the market behavior obtained, the participation in the energy consumption and the contribution in the demand from the segments of the electrical system of all consumer types can be calculated. This paper studies the analysis of the collected data in the measurement campaigns in the above-mentioned process, specially the selection of typical curves and their grouping into typologies. Currently, a standard procedure for the methodologies of these processes does not exist. Many times, the selection is carried out through subjective criteria and, in some cases, without the adequate clarification. The existence of personal bias from the studies team (in the case of manual selections) is also possible. Some automatized processes for the curves selection exist, eliminating the human influence and obtaining more reliable results, however, they are not validated yet. The grouping methods usually present the same methodology, spread out in the national market for many years, but there are variations that promise to improve the traditional results for the classification of data.
OBJECTIVES
The objective of this paper is to consider different methodologies for the processes of typical curves selection and typologies classification, adjusted to the purposes of load characterization for tariff reviews. The procedures for the definition of typical curves must allow the automatic selection, characterizing the typical load curves of the consumers and transformations for all the sample data from the measurements campaign used in the tests. The methodologies have been developed from heuristical methods, based mainly in the knowledge, the experience of the sector professionals and through statistical techniques The classification methodologies must improve usual practices of curves classification, suggesting and implementing variations in the current process. As well as in the case of the selection proposals, the development had as base the statistical techniques currently used (dynamic clouds and Ward's method).
After the development and implementation of the methodologies, a case study between the processes considered has been executed, comparing and evaluating their particularitities for the tariff reviews. In this evaluation, the results obtained in each developed methodology have been complemented with the necessary calculations for the obtainment of the network typologies curves. The comparison of these curves allows the discussion of the differences, advantages and disadvantages of the selection and classification proposed processes. In such way, the objective of the present paper is to consider alternative methodologies for the characterization of load typologies, with an approach in the stages of selection and classification of load curves, comparing them and detaching the particularitities found.
The main result must be the increase of the effectiveness in the studies for load typologies definition, with less spent time of analysis and better quality and reliability results, allowing the process repeatability and the identification of each methodology impact in the load characterization.
STANDARD PROCEDURES
Since 1985, Brazil uses the marginal cost -supply cost to take care of an additional unitary consumption to the existing one -to establish a tariff base that induces the consumer to seek consumption periods where the energy is cheaper to be supplied. The principles of the marginal cost tariff, its calculations and the modalities of application have been published in [1] . Electroperu carried out a similar study, released in [2] . The tariffs calculation, by the marginal approach, implies perfect knowledge of the load behavior. This consumption characterization is defined through the activities of data attainment, load analysis and behavior forecast. This paper studies the process of load analyses, focused in the stages of selection and classification of curves. Following, the current methodologies ( [1] , [4] and [5] ) explored in this research are detached.
Selection of characteristic curves
The selection of typical curves is defined as a method to get the consumers and transformations load curves that correspond to a typical working day for each sampled point, for each tension level. Currently, a definition by the national regulating agency for the selection methodology does not exist. The traditional standard is the manual selection from a visual analysis of the load curves. This analysis is carried through with proper criteria of the studies team, with possible subjectivities and without repeatability. The concept used in the selection is to choose the curve that causes the biggest impact in the system, that is, the one that possesses the maximum demand coincident to the system peak time.
Data classification
The methods of typology analysis have the objective of grouping the individuals in a restricted number of homogeneous classes, describing the data with a reduction on the number of individuals. Currently, two methods are used (associated): hierarchical and non-hierarchical.
Non-hierarchical classification
The Method of Dynamic Clouds has as objective to classify the individuals of a population in groups or strata (1 stratum, 2 strata). Each group is formed by individuals that present similar attributes between themselves.
The method performs partitions in the population, called "classes". The classes are formed by the individuals next to the nuclei defined in the previous stage. The first nuclei are obtained randomly.
In the algorithm used, for each stratus, the user defines "k" nuclei with "q" individuals (curves) and the number of experiences desired. From an initial drawing, there are obtained "k" nuclei, whose "centers of gravity" will be taken as reference for the calculation of the distance between the nuclei and the population individuals (the similarity concept used is the Euclidean distance). A first set of classes is obtained grouping the individuals around these nuclei. For each class, its "center of gravity" is calculated, forming a new nuclei system. The individuals that are next to each nucleus are verified again and a new nuclei system is formed. The process is repeated improving the quality of the partitions until the moment that the new partition is not better than the previous one. This characterizes the end of an experience and the individuals that formed each class are registered. When the last experience is finished, the curves that always remained together in the end of each experience are identified. These groups are called as strong forms of the population.
Hierarchical classification
The most common method of hierarchical classification is the Ward's method. This model is agglomerative. It performs successive regroupings of the closest classes, defining new classes through successive fusing. A series of partitions in "n" classes, "n-1" classes, "n-2" classes… are done. The entrance data for this method is the product generated by the previous method, the strong forms identified in the population. The algorithm determines the two closest strong forms and executes the first regrouping. The process is repeated until reaching the necessity of the user. 
C I R E D C I R E D C I R E D C I R E D

ALTERNATIVE METHODOLOGIES
The alternative methodologies elaborated have been splitted in the two study stages: the selection of characteristic curves and their classification in clusters. The proposals are described below.
Selection of characteristic curves
Traditional method
The traditional selection process was used for comparisons to the considered methods. The necessary data have been obtained by the recovery of past tariff review processes.
Highest Impact in the system
This methodology tried to convert the manual selection technique in a automatized process by a software program [3] . The criteria for the selection are different to each type of curve. The curve chosen for the consumers was the one that presented the highest energy consumption in the peak time.
In cases where two or more curves presented similar consumptions (difference < 10%), the curve with the highest consumption during day time was selected. In the case of systems (transformers), the curve with the highest impact in the network during the day was selected. Its identification has been made by the calculation of the multiplication of the average demand by the daily maximum power of each day. This technique has satisfactory results for curves with different behaviors, as it gives the right weight when comparing constant high demands and low demands with low load factors.
Heaviest working day
The heaviest working day of the network is found associating all the curves sampled, lined up per the weekday. The working day that presents the highest total average demand is considered as the heaviest day of the system. After the definition of the study day, one curve by customer is selected in the weekday identified. For customers with more than one curve in the day in question, the curve with the highest average demand is selected.
DATA CLASSIFICATION
The definition of new methodologies and procedures for data classification, as well as for the selection of typical curves, followed the historical standards of this practice and the most recent techniques for data clustering. The methodologies proposed focused the similarity analysis technique between the curves from the non-hierarchical method, having been, when necessary, adapted for the object load curve [6] , [7] .
Traditional (Euclidean distance)
The combination of the statistical methods of grouping Dynamic Clouds and Ward's is probably the most common practice in the studies of load characterization. Therefore, it was used as case of reference in this study.
Point by point
The method point by point uses the same principles of dynamic clouds; however, the grouping of the individuals around of the nuclei uses a score criterion between the candidate's curves. In this process, the Euclidean distance is calculated for each curve period and the closest to the nucleus is scored. At the end, the curve with the best score is chosen as the most similar to the nucleus in study. This method ignores momentary differences of great amplitude between the curves, because to each interval the Euclidean distance is recalculated and the results of the other curve parts are slighted
Weighted point by point
The method weighted point by point follows the same principles of the point by point; however, to some load periods are attributed weights, in agreement to their importance in the daily curve of the system (peak, daytime, etc.).
Load factor by period
The third proposed variation follows the principle of scoring described before; however related to the curve behavior for each period of the day. For this, the curves load factors are analyzed for periods: daylight (6am-6pm), peak (6-9pm), night (9-12pm) and dawn (0-6am). As well as in the other cases, the curve with the highest score is selected as the most similar to the analyzed nucleus.
RESULTS
From an initial curves sample, the methodologies for selection and classification have been combined one by one and executed. The results obtained were the load curves for the consumers and transformers typologies. For the processes comparison, the differences between the obtained curves for the same tension level have been analyzed. The following figure illustrates some pairs of comparative curves. The curves similarity was calculated by in the Euclidean distance. As a basic principle, it was assumed that the ideal selection (or classification) should have the transformation (blue) and consumption (red) curves overlapped. Once there are errors in the process entrance data (specially the sample imperfection), the calculated Euclidean distances do not have to be null, however, they still allow the comparison of the methods by the quality of the similarities. The calculated Euclidean distances have been organized, detaching the average, maximum and total values for each selection methodology: traditional (TRAD), highest Impact in the system (PEAK) and Heaviest working day (WDAY).
The following graphic present the results. The graphic for the classification methods (traditional "TRAD", point by point "PP", weighted point by point "WPP" and load factor by period "LF"), is presented above. 
CONCLUSIONS
This paper presented the proposition of alternative methodologies for the definition of load curves typologies. For such, the stages of characteristic curves selection and data classification have been studied. In both the cases, automatized processes have been used, without human interferences and subjectivities. A case study, for each stage, was carried through. The selection method does not interfere in the amount of generated clusters; however, it is significant in the quality of the results. In the majority of the tested cases, the best similarities were found for the "Heaviest working day", defining it as the best suitable method for the selection of typical curves. The method "point by point" presented the lower amount of generated groups in the majority of the cases. The similarities of the curves have been slightly better for the processes "point by point" and "weighted point by point". The "load factor by period" presented itself, almost always, as the worst technique. In general lines, although the variation of the methodology of the classification process has not caused significant impact in the final result, the methods "point by point" and "weighted point by point" are the most suitable to the objectives of this stage.
